ABSTRACT A large case-control study of bladder cancer (2982 cases; 5782 controls) included information about occupational exposure to leather. Occupational histories of exposed white study subjects were reviewed and 150 were determined to have had "true" on the job exposure to leather. The odds ratio estimate (OR) of bladder cancer associated with such exposure in white subjects (n = 8063) was 1*4 (95% confidence limits = 1-0, 1.9) after adjustment for sex, age, and cigarette smoking. The risk was highest in those first employed in a leather job before 1945, although no dose-response relation with duration of leather employment was found. Subjects employed in "dusty" leather jobs had a slightly higher risk than those with other types of leather jobs. Our results are consistent with reports of an increased risk of bladder cancer associated with exposure to leather. Although the agents responsible have not been identified, our findings of an increased risk associated with exposure in the earlier years of this century and in dusty jobs suggest that leather dusts may be important.
Materials and methods
The design of the NSEH and the characteristics of the study subjects have been described elsewhere.9 10
Briefly, it included all new cases of bladder cancer diagnosed between the ages of 21 and 84 during a 12 month period around 1978 in ten areas of the United States (the states of Connecticut, Iowa, New Jersey, New Mexico, and Utah and the metropolitan areas of Atlanta, Detroit, New Orleans, Seattle, and San Accepted 15 July 1985 Francisco, all of which had population based tumour registries in the Surveillance, Epidemiology, and End Results (SEER) network, with the exception of New Jersey). Controls were selected by random digit dialling (those aged 21-64) or from Health Care Financing Adminstration (HCFA) files (those aged 65 and over) to have the age distribution expected for the cases with a two to one control to case ratio in all areas except Detroit (where it was one to one). Personal interviews solicited information about a number of lifestyle factors including the use of tobacco, coffee, artificial sweetners, and hair dyes and an occupational history that included questions about on the job exposures. Respondents were asked to provide details of industry and duties and materials to which they were exposed for each job of six of more months' duration.
Response rates were high (73% of eligible cases; 75% of controls aged 21-64; 82% of controls aged 65-84) and interviews were completed with 2982 subjects with bladder cancer and 5782 controls.'0 Altogether 386 study subjects reported that they had either worked in a leather industry, had a job working with leather, or had on the job exposure to leather. Since a risk of bladder tumours may arise from contact with dye stuff chemicals, reported exposures to either artificial or natural leather were included among job related "leather" exposures. Based on a review of the original questionnaires, conducted with- Never  2065 3821  677  1350  7913  Ever  51  71  12  16  150  Total  2116 3892  689  1366  8063 Ever exposed means employment in a leather job for six months or more.
out knowledge of case-control status, 163 subjects (66 cases and 97 controls) were considered to have had "actual exposure to leather." The remaining 223 had white collar, security, maintenance, or other unexposed jobs working for employers in the leather industry. Since working conditions among those of non-white races probably differed -from conditions among whites and since there were too few exposed non-whites (n = 13) for separate analysis, the analysis was restricted to the 8063 white study subjects.
Leather exposure has been quantified on a variety of dimensions: firstly, ever never exposed, whereby "ever" is defined to be six or more months' employment in a job with leather exposure as determined by our questionnaire review; secondly, duration of employment in such jobs; thirdly, calendar year of first employment in a job with leather exposure; and, finally, probable exposure to leather dust. Probable exposure to leather dust was determined by one of us (JWM), an occupational health physician, based on his knowledge of work environments and on the job titles and duties reported by the subjects; he was unaware of whether any title or duty pertained to a case or a control.
Odds ratio estimates have been computed for the different categories of leather exposure adjusted for sex, age (21-44, 45-64, 65-84) , and smoking habit (ever or never smoked cigarettes for six months or more) using the method of maximum likelihood in the statistical analysis system (SAS) procedure FUNCAT, which carries out log linear modelling.1I To look at calendar time of exposure, we initially divided the data into three periods of first employment in a leather job: pre-1920, 192044, and 1945 or later. Adjusted odds ratio estimates for these three periods were 1-5, 14, and 1-2 respectively; CL all included one. Since the first two periods had similar risks, we combined them to create two first employment periods for the purpose of examining the effect of duration of employment. There is a slightly higher risk among those who were first employed in a leather related job before 1945 (with an odds ratio of 1-4; CL = 1-0, 2-1) than in those first exposed later (table 3) . For both periods, shorter employment produced a higher risk than longer duration; this is true also for each sex separately. The overall estimate of risk by duration of employment, combining the two employment periods, is 17 (95% CL 11, 2 7) for leather employment of less than five years duration; 0-9 for 5-14 years; and 11 for 15 years or more. Table 4 shows the distribution of the "leather exposed" according to leather job title. There are more job titles than workers because each individual could have held more than one leather related job; however, the small differences between numbers of jobs and workers implies that few people did so. The largest occupational group is shoemakers. Although most shoemakers are male, the relative excess of cases over controls was evident in both sexes. The "other" category includes such jobs as bookbinders, leather carvers, and hide cleaners. There is no over representation of tanners in the case group.
Those who had ever worked as shoemakers, sewing machine operators, cutters, beltmakers, or car upholsterers or whose reported duties included stitching, cutting, or buffing leather were considered to have a greater potential for exposure to leather dusts than those in other leather jobs; shoemakers and belt, purse, and glove makers were also included in this group unless their only specified duties (moulding, glueing, assembling, for example), were thought not to involve dust. Table 5 shows the results of comparing this group with those with no on the job exposure to leather; each sex separately had odds ratios similar to those shown. Those who worked in jobs with potential dust exposure had a raised odds ratio that does not quite achieve statistical significance, although no dose-response relation with duration of exposure is evident. The excess risk associated with exposure to leather dust was confined to those first exposed before 1945. Leather manufacture, tanning, leather dressing, curriers, shoe hands, shoe makers and repairers, labourers in leather and leather products, cobblers, and artificial leather product manufacture have each figured in one or more significant positive associations. But there has been little consistency in the job titles positively associated with bladder cancer risk except for some relation to leather.
A review of the processes and chemicals used in tanning leather indicates that high risks of bladder tumours probably do not originate in this part of the leather industry'2; our results support this, although there were few tanners in our study. The observed risks may have occurred in the finishing processes. Many types of leather, both natural and artificial, are dyed'3 and some dyes, especially dye intermediates, are bladder carcinogens. Benzidine based dyes have been shown to contain small amounts of unreacted benzidine.'4 Thus at least one mechanism has been shown for a bladder carcinogen to be present in dyed leather. Direct contact, in the dyeing process or exposure by inhalation or perhaps skin deposits of dyed leather dusts could also cause exposure in sewing, cutting, handling, or polishing leather, leather products, or artificial leather. In our study ten leather exposed cases and 12 controls reported exposure to dyes. This, however, would not include those with indirect exposure to dye through leather dusts or handling of leather products. We did find raised risks in those with probable relatively heavy exposure to leather dusts.
One issue raised by studies that have shown negative or non-significantly positive associations between bladder cancer and leather exposures-for example, in Leeds, England,"5 and Finland'6-is that the working conditions that resulted in the increased risk of bladder tumours may have changed over time, with current hazards less than those earlier in the century. The ages of the patients with leather related bladder tumours provide some support for this. Although Cole et al did not present age related bladder tumour risks by occupation, leather exposures were relatively common among the occupations they recorded.6 They probably contributed substantially to occupation related attributable risk estimates which were highest in men aged 60-74, somewhat less among 75-89 year olds, and low in men aged 20-59. This study could not identify with precision the actual exposures that those in leather jobs experienced. Whereas it is fairly certain that all those classified as exposed to leather on the job did actually work with leather, the further breakdown into those with probable or improbable leather dust exposures is much less certain, although we used both job title and reported duties to make this categorisation. Also, the effects of exposure to artificial and natural leather could not be analysed separately due to lack of specificity in the data.
This study attempted to identify all newly diagnosed cases of bladder cancer in study areas and to select controls who were representative of the same population but of similar age sex distribution to the cases. Concerted efforts to interview all eligible subjects resulted in high response rates and interviewers were generally not aware of the case-control status of a subject. No proxy interviews for those who were dead or ill were permitted. Data quality was carefully monitore4: routine editing for errors and omissions was performed; responses were validated through brief telephone re-interviews of 15% of respondents on a few key questions; detailed coding instructions were followed; and standardised verification procedures for coded data were used. Thus high standards were maintained throughout the study in order to minimise effects of bias due to selection or misclassification.
In addition, since examination of the relation between bladder cancer and exposure to leather was only one of many study objectives and was unlikely to have been widely known among subjects or interviewers, and since interviewing, abstracting of details on leather jobs, and determining probable exposure to leather dust were all done without knowledge of 100 case-control status, it is unlikely that significant bias due to differential determination of leather exposure between cases and controls occurred.
The lack of dose-response relation in terms of duration of leather employment is puzzling. Since the 95% confidence intervals overlap for various employment durations, it may be that the level of risk is actually independent of duration. Or it may be that our methods and measures are not sensitive enough to identify the true pattern of risk. For example, it may be that intensity of exposure, which cannot be directly quantified from the study data, is the more important determinant of risk, or that unidentified confounding factors exist.
The question of the exact nature of the relation between leather work and bladder cancer needs further clarification through more detailed investigations. Changes in manufacturing methods and improvements in working conditions make it doubtful that significant excess numbers of bladder tumours would be found in conventional epidemiological surveys. Nevertheless, detailed chemical analyses of manufacturing processes and associated biological monitoring of workers in specific jobs with defined exposures to leather, including dusts and dyes, could test the hypothesis that bladder carcinogens can gain access to the body through dusts.
